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CIRCUIT

(57) A pixel signal obtained by imaging with a solid-
state image sensor element can be output selectably ei-
ther in n bits or in a bit number of an integral multiple of
n in synchronization with an output clock. A clock con-
verting unit (26), an allocating unit (32), a first selector
(31), a second selector (27), and an output mode control
unit are provided for the purpose. The allocating unit (32)
allocates respective bit data of pixel signal obtained by
imaging with the solid-state image sensor element into
at least two series of bit data alternately, in synchroniza-
tion with clock converted by the clock converting unit (26).
The first selector (31) selects an output from the bit data
allocated by the allocating unit (32) and the bit data not
allocated by the allocating unit (32). The second selector
(27) selects an output from a clock with a frequency con-
verted by the clock converting unit (26) and a clock with
a frequency not converted by the clock converting unit
(26).
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Description

TECHNICAL FIELD

[0001] The present invention relates to a solid-state
image sensing device comprising a solid-state image
sensor element and outputting a pixel signal obtained by
the image sensor element, and an image signal output
circuit provided in the solid-state image sensing device.

BACKGROUND ART

[0002] As the semiconductor process technology has
advanced, the number of pixels in solid-state image sen-
sor elements formed on a semiconductor substrate, such
as CMOS (Complementary Metal Oxide Semiconductor)
image sensors and CCD (Charge Coupled Device) im-
age sensors, has tended to increase. When the number
of the pixels increases, the amount of data required for
outputting the image signal per one frame increases cor-
respondingly.
[0003] It is possible to increase the amount of data for
outputting an image signal per one frame period, for ex-
ample, by increasing the frequency of the pixel clock for
outputting a signal for one pixel (pixel signal) of the image
signal and outputting the data in synchronization with the
pixel clock. The pixel signal for one pixel is data of a
predetermined bit number, for example, from 8 bits to
about a dozen bits. The pixel data of that bit number are
output in synchronization with a pixel clock.
[0004] However, if the frequency of the pixel clock is
increased to shorten the cycle for outputting the pixel
signal, it is possible that the circuit for receiving the image
signal that is in the camera that incorporates the solid-
state image sensing device may not be able to handle
the image signal since the image signal is transferred at
a very high transfer rate.
For this reason, it is commonplace to lower the transfer
rate by increasing the bit number for outputting the pixel
signal for one pixel.
For example, the following configuration is common. In
the case that one pixel is constituted by 8 bits, 8 terminals
are provided for outputting the 8-bit pixel data, and the
configuration is such that the 8-bit pixel data are output
from the 8 terminals in parallel. The pixel data for one
pixel are output for one cycle (or half cycle) of the pixel
clock.
[0005] In addition, to lower the transfer rate by reducing
the frequency of the pixel clock, 16 output terminals are
provided and the terminal for outputting for one pixel is
allocated into two terminals so that the transfer rate can
be halved. When the transfer rate can be halved, the
frequency of the transfer clock used for receiving the sig-
nal by the circuit on the side that receives the image signal
can be lowered correspondingly, so the burden on the
circuit is reduced correspondingly.
[0006] When merely halving the transfer rate is insuf-
ficient, it is necessary to lower the frequency of the trans-

fer clock further by increasing the number of the output
terminals further to allocate the data into a greater
number of terminals.
[0007] JP-A-2007-19583, which is published by Japan
Patent Office, discloses an example of the process con-
figuration for reducing the transfer rate of the image pixel
signal.
[0008] However, a problem arises when a plurality of
solid-state image sensing device with different transfer
rates are prepared corresponding to the transfer rate that
can be received by the circuit of the camera apparatus
in which the solid-state image sensing device are incor-
porated; that is, a correspondingly large number of dif-
ferent types of solid-state image sensing device are re-
quired.
[0009] Other than the transfer rate, various modes ex-
ist as the output modes for image signal, such as the
case that data for one pixel are output during one cycle
of the pixel clock and the case that data for one pixel are
output during half a cycle. From the viewpoint that a solid-
state image sensing device is required for each of the
output modes also, the number of types of the required
solid-state image sensing device becomes larger.
[0010] The invention has been accomplished in view
of such circumstances. It is an object of the invention to
make it possible to handle various types of output modes
of pixel signals with one solid-state image sensing de-
vice.

DISCLOSURE OF THE INVENTION

[0011] The invention is applied to a solid-state image
sensing device for outputting a pixel signal obtained by
imaging with a solid-state image sensor element and hav-
ing a bit number of n bits or an integral multiple of n bits
(where n is an integer), in synchronization with an output
clock.
The device comprises, as its components, a clock con-
verting unit, an allocating unit, a first selector, a second
selector, and an output mode control unit.
The clock converting unit converts a clock into a clock
having a frequency of at least 1/2 times.
The allocating unit allocates respective bit data of pixel
signal, obtained by imaging using the solid-state image
sensor element, into at least two series of bit data alter-
nately, in synchronization with the clock converted by the
clock converting unit.
The first selector selects an output between the bit data
that have been allocated by the allocating unit and the
bit data that have not been allocated by the allocating unit.
The second selector selects an output between a clock
having a frequency that has been converted by the clock
converting unit and a clock having a frequency that has
not been converted by the clock converting unit.
The output mode control unit specifies output modes at
the first and second selectors.
Thereby, pixel signals output at the same transfer rate
can be output in synchronization with clocks having dif-
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ferent frequencies.
[0012] Such a configuration makes it possible to select
the pixel signal that is output from the solid-state image
sensing device in synchronization with the clock between
a pixel signal of n bits and a pixel signal of an integral
multiple of n, by selecting the outputs at the first selector.
Thus, it is possible to select the transfer rate of the output
pixel signal according to the selection of the output bit
number. As for the clock synchronized with the pixel sig-
nal as well, it is possible to select a clock with a necessary
frequency by the selection at the second selector.
[0013] According to the invention, the following advan-
tageous effects are exhibited. The transfer rate of the
output pixel signal can be selected with one solid-state
image sensing device, so the device is allowed to handle
the transfer rate that can be received by the circuit that
receives the pixel signal (such as a circuit in a camera).
Accordingly, high the versatility of the solid-state image
sensing device can be enhanced.
In this case, the configuration can be achieved by pre-
paring an allocating unit for allocating pixel signals and
a clock converting unit for preparing a clock correspond-
ing to a transfer rate, and making selections of the re-
spective outputs. Thus, the invention can be achieved
with a simple configuration.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

[Fig. 1] Fig. 1 is a functional block diagram showing
a solid-state image sensing device according to an
example of a first embodiment of the invention.
[Fig. 2] Fig. 2 is a configuration diagram showing an
example of a pixel signal output unit of the solid-state
image sensing device according to the example of
the first embodiment of the invention.
[Fig. 3] Fig. 3 is a timing chart showing an example
of the output timing (1DDR output) of the pixel signal
output unit of the example shown in Fig. 2.
[Fig. 4] Fig. 4 is a timing chart showing an example
of the output timing (1SDR output) of the pixel signal
output unit of the example shown in Fig. 2.
[Fig. 5] Fig. 5 is a timing chart showing an example
of the output timing (2SDR outputs) of the pixel signal
output unit of the example shown in Fig. 2.
[Fig. 6] Fig. 6 is a configuration diagram showing an
example of a pixel signal output unit of a solid-state
image sensing device according to an example of a
second embodiment of the invention.
[Fig. 7] Fig. 7 is a timing chart showing an example
of the output timing (4SDR outputs) of the pixel signal
output unit of the example shown in Fig. 6.
[Fig. 8] Fig. 8 is a configuration diagram showing a
pixel signal output unit of a modified example of the
second embodiment of the invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0015] Hereinbelow, an example of a first embodiment
of the present invention will be described with reference
to Figs. 1 through 5.
This embodiment is an embodiment in which the inven-
tion is applied to a solid-state image sensing device in
which a COMS image sensor is used as an image sensor
(solid-state image sensor element). The solid-state im-
age sensing device of this embodiment is incorporated
and used in various imaging apparatus such as video
cameras and digital still cameras.
[0016] Fig. 1 is a functional block diagram of the solid-
state image sensing device of this embodiment. In Fig.
1, the entire solid-state image sensing device is referred
to as an image sensor. In the following description, a
pixel signal refers to a signal of one pixel unit of the image
signal obtained by imaging with the image sensor.
[0017] An image sensor 10 of the example of this em-
bodiment has a sensor unit 11 in which pixels 11a each
serving as a signal light-receiving unit are arrange in ma-
trix. In order to the optical signal received by the sensor
unit 11, a drive signal is supplied from a drive circuit 12
to the sensor unit 11 with controlling of a control unit 13.
The signals (image signals) accumulated in the pixels
11a of the sensor unit 11 are read out from the sensor
unit 11 sequentially, one horizontal line of the signals at
a time, and are supplied to an analog/digital converter
(ADC) 14.
[0018] The analog/digital converter 14 converts the
supplied image signals into digital signals by a unit of the
pixel signal for one pixel, and supplies the converted pixel
signal to a signal processing unit 15. The signal process-
ing unit 15 performs various image signal processing
such as gain controlling. The processed image signals
are output from an output unit 20. This output unit 20
outputs a video signal for performing recording and dis-
playing, in the case of an imaging apparatus such as a
video camera. The description of the circuit configuration
after the output unit 20 will be omitted.
In the case of this example, the image sensing device
employs a configuration in which the pixel signal for one
pixel is converted into a digital pixel signal of 12 bits by
the analog/digital converter 14, and with the pixel signal
of 12 bits being one unit, the pixel signals are output in
parallel from the output unit 20. When the signal is output
from the output unit 20, a pixel clock synchronized with
the output timing for each one pixel is output at the same
time, and the pixel clock is generated within the image
sensor 10.
[0019] The example of this embodiment employs a
configuration in which the output format (output mode)
of the pixel signal from the output unit 20 can be selected
from a 1DDR output mode, a 1SDR output mode, and a
2SDR output mode. Herein, DDR is an abbreviation of
double data rate, and SDR is an abbreviation of single
data rate.
The 1DDR output mode is a mode of an output format in
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which the pixel signal of 12 bits per one pixel is output
from 12 output ports respectively, one bit by one bit, at
every half cycle of the pixel clock. This mode corresponds
to the later-described output state of Fig. 3.
The 1SDR output mode is a mode of an output format in
which the pixel signals of 12 bits per one pixel is output
from 12 output ports respectively, one bit by one bit, at
every one cycle of the pixel clock. This mode corresponds
to the later-described output state of Fig. 4.
The 2SDR output mode is a mode of an output format in
which the pixel signal of 12 bits per one pixel is allocated
to 24 output ports and output therefrom, one bit by one
bit, at every 1/2 cycle of the original pixel clock. This mode
corresponds to the later-described output state of Fig. 5.
[0020] Fig. 2 is a diagram showing the configuration
of the output unit 20 of this embodiment.
Referring to Fig. 2, input terminals 21-0 to 21-n (n is the
integer corresponding to the bit number) are the terminals
to which the pixel signals are supplied from the signal
processing unit 14 (Fig. 1) in the image sensor 10. In this
example, the pixel signal for one pixel is composed of 12
bits; therefore, n is 11, and 12 input terminals 21-0 to
21-11 are provided. A signal of 1 bit position of the pixel
signal for one pixel is supplied sequentially to each of the
input terminals 21-0 to 21-n.
[0021] The pixel signals obtained at the input terminals
21-0 to 21-n are subjected to a conversion process and
a selection process in data selecting units 30-0 to 30-n.
Although only the configuration of the data selecting unit
30-0 is shown in Fig. 2, the other data selecting units
30-1 to 30-n also have the same configuration.
The configuration of the data selecting unit 30-0 is as
follows. The pixel signal obtained at the input terminal
21-0 is supplied to a selector 31 and a 2SDR conversion
circuit 32. The 2SDR conversion circuit 32 is a conversion
circuit that functions as an allocating unit for alternately
allocating the supplied pixel signals sequentially, one bit
by one bit, into two series of bit data 2SDR DT0 and
2SDR DT1 so that the supplied pixel signals are convert-
ed into 2SDR output format signals. Specific examples
of the conversion operation in the conversion circuit 32
will be described later when explaining the timing chart
(Fig: 5).
[0022] The two series of bit data 2SDR DT0 and 2SDR
DT1 allocated by the 2SDR conversion circuit 32 are sup-
plied to the selector 31.
The selector 31 has two output ports 22a-0 and 22b-0.
Each of the two output ports 22a-0 and 22b-0 is an output
port that is provided for the image sensor (solid-state
image sensing device) 10. In Fig. 2, a first series of output
ports of the data selecting units 30-0 to 30-n are denoted
as output ports 22a-0, 22a-1, ... and 22a-n, respectively,
while a second series of output ports of the data selecting
units 30-0 to 30-n are denoted as output ports 22b-0,
22b-1, ... and 22b-n, respectively.
[0023] When the 1DDR output mode or the 1SDR out-
put mode is selected as the output mode, only the first
series of output ports 22a-0 to 22a-n are used to output

the pixel signals. When the 2SDR output mode is select-
ed as the output mode, both the first series of output ports
22a-0 to 22a-n and the second series of output ports 22b-
0 to 22b-n are used to output the pixel signals. In the
selector 31, when adjustment of the output timing is nec-
essary, a process for adjusting the output timing of the
pixel signals by delay or the like is performed as needed.
[0024] Selection of these output modes is controlled
by a signal obtained at an output-mode-specifying-signal
input terminal 23. Specifically, an output mode specifying
signal obtained at the input terminal 23 is supplied to the
selector 31 of each of the data selecting units 30-0 to 30-
n so that the signal of the corresponding mode can be
output. In the case of this example, one output mode
among the three output modes is selected, so the output
mode specifying signal obtained at the input terminal 23
is constituted by a signal of 2 bits. It should be noted that
the output mode specifying signal obtained at the input
terminal 23 is generated by the current output mode that
is set at the control unit 13 in the image sensor 10. How-
ever, it is possible to employ a configuration in which a
signal for determining the output mode may be supplied
directly to the input terminal 23 from a control unit external
to the image sensor 10.
[0025] This embodiment employs a configuration in
which a pixel clock is output from an output port 28 in
synchronization with the outputs from the respective out-
put ports of the pixel signals.
Accordingly, a clock input terminal 24; to which the pixel
clock is supplied from the pixel clock generating unit (not
shown) in the image sensor 10, is provided, and the pixel
clock is supplied to a frequency divider 26 so that it is
converted into a clock having 1/2 the frequency. The fre-
quency division operation of the frequency divider 26 is
performed based on the result obtained by identifying the
output mode specifying signal obtained at the input ter-
minal 23 using a mode identifying unit 25. Specifically,
the frequency divider 26 is allowed to operate only in the
case that the mode identifying unit 25 determines that
the output mode is an output mode that requires the clock
having 1/2 the frequency. Alternatively, the frequency di-
vider 26 may be allowed to operate at all times.
[0026] Then, a selector 27 makes a selection between
a mode of outputting the clock obtained at the clock input
terminal 24 from the output port 28 as it is and a mode
of outputting the clock whose frequency is divided into
1/2 by the frequency divider 26 from the output port 28.
The selection by the selector 27 is performed based on
the output mode specifying signal obtained at the input
terminal 23.
[0027] Next, examples of the output states in the re-
spective output modes are described with reference to
the timing charts of Figs. 3 through 5.
First, an example in which a signal is output using the
1DDR output mode is described with reference to Fig. 3.
The 1 DDR output mode is a mode of an output format
in which the pixel signal of 12 bits per one pixel is output
from 12 output ports respectively, one bit by one bit, at
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every half cycle of the pixel clock.
[0028]  Specifically, as shown in Fig. 3(a), the output
of one bit of a pixel signal that is constituted by predeter-
mined bits (n + 1) bits, such as 12 bits, is supplied in such
a manner that data 0, data 1, data 2, data 3, ..., etc. are
supplied sequentially, one bit per one pixel, to each of
the input terminals 21-0 to 21-n.
Then, in synchronization with this pixel signal, a pixel
clock is supplied to the input terminal 24, as shown in
Fig. 3(b). This pixel clock indicated by Fig. 3(b) is a clock
of 1 cycle per 1 pixel.
[0029] When such a pixel signal is input into the output
unit 20 in the state where the 1DDR output mode is set,
the pixel signals obtained at the input terminals 21-0 to
21-n are selected by the selector 31 so as to be output
from the first series of output ports 22a-0 to 22a-n, as
shown in Fig. 3(c). It should be noted that the timing is
delayed by one pixel in the example of Fig. 3(c).
Then, the pixel clock that is output from the output port
28 is selected by the selector 27 so that the clock whose
frequency is divided into 1/2 by the frequency divider 26
is output, as shown in Fig. 3(d). In this example, the pixel
data change in association with the rise and fall of the
clock, as shown in Figs. 3(c) and 3(d).
[0030]  Next, an example in which a signal is output
using the 1SDR output mode is described with reference
to Fig. 4. The 1SDR output mode is a mode of an output
format in which the pixel signal of 12 bits per one pixel
is output from 12 output ports respectively, one bit by one
bit, at every one cycle of the pixel clock.
[0031] Specifically, as shown in Fig. 4(a), the output
of one bit of a pixel signal that is constituted by predeter-
mined bits (n + 1) bits, such as 12 bits, is supplied in such
a manner that data 0, data 1, data 2, data 3, ..., etc. are
supplied sequentially, one bit per one pixel, to each of
the input terminals 21-0 to 21-n.
Then, in synchronization with this pixel signal, a pixel
clock is supplied to the input terminal 24, as shown in
Fig. 4(b). This pixel clock indicated by Fig. 4(b) is a clock
of 1 cycle per 1 pixel.
[0032] When such a pixel signal is input into the output
unit 20 in the state where the 1SDR output mode is set,
the pixel signals obtained at the input terminals 21-0 to
21-n are selected by the selector 31 so as to be output
from the first series of output ports 22a-0 to 22a-n, as
shown in Fig. 4(c). It should be noted that the timing is
delayed by one pixel in the example of Fig 4(c). Up to
this point, the operation is the same as that of the 1DDR
output mode.
Then, the pixel clock that is output from the output port
28 is selected by the selector 27 so that the pixel clock
that is input to the output unit 20 is output without chang-
ing the frequency, as shown in Fig. 4(d). In this example,
the pixel data change in association with the rise of the
clock, as shown in Figs. 4(c) and 4(d).
[0033] Next, an example in which a signal is output
using the 2SDR output mode is described with reference
to Fig. 5. The 2SDR output mode is a mode of an output

format in which the pixel signal of 12 bits per one pixel
is output from 24 output ports respectively, one bit by one
bit, at every 2 cycles of the pixel clock. Although this
2SDR output mode requires two times as many output
ports as those of the 1SDR output mode and the 1DDR
output mode, the transfer rate per one port becomes 1/2.
[0034] In this case as well, as shown in Fig. 5(c), the
output of one bit of a pixel signal that is constituted by
predetermined bits (n + 1) bits, such as 12 bits, is supplied
in such a manner that data 0, data 1, data 2, data 3, ...,
etc. are supplied sequentially, one bit per one pixel, to
each of the input terminals 21-0 to 21-n.
In synchronization with this pixel signal, a pixel clock is
supplied to the input terminal 24, as shown in Fig. 5(a).
This pixel clock indicated by Fig. 5(a) is a clock of 1 cycle
per 1 pixel, and a clock having 1/2 the frequency is gen-
erated by the frequency divider 26, as shown in Fig. 5(b).
[0035] Then, the 2SDR conversion circuit 32 allocates
the pixel signal obtained in Fig. 5(c) sequentially, one bit
by one bit, into two series of signals, the first series of
signals (the even numbered signals) shown in Fig. 5(d)
and the second series of signals (the odd numbered sig-
nals) shown in Fig. 5(e). When the signal is merely allo-
cated in this way, the phases of the two series of pixel
signals are shifted. Therefore, the signals are delayed to
generate the first series of pixel data 2SDR DT0 and the
second series of pixel data 2SDR DT1, in which the tim-
ings of both signals match, as shown in Fig. 5(g) and 5(h).
A selection process is performed in the selectors 31 and
27 so that the first series of pixel data 2SDR DT0 and
the second series of pixel data 2SDR DT1 shown in Figs.
5(g) and 5(h) are output in synchronization with the pixel
clock shown in Fig. 5 (h) (the same as the clock of Fig.
5(b)).
[0036] According to the configuration of this embodi-
ment, one image sensor 10 can make a selection be-
tween the 1DDR output mode shown in Fig. 3, the 1SDR
output mode shown in Fig. 4, and the 2SDR output mode
shown in Fig. 5, and it can be incorporated into an imaging
apparatus (camera) that supports any of the output
modes. Therefore, a common image sensor can be used
as the image sensing means even when the circuit of the
camera side supports any of the output modes, so the
versatility of the image sensor improves. In particular, in
the case of the 2SDR output mode, the transfer rate per
one port can be reduced to 1/2 of the other modes, al-
though the number of the output ports becomes two times
larger, so it is suitable for the case where there is a lim-
itation on the transfer rate at which the camera side can
receive the signal.
Moreover, the configuration of this embodiment can be
achieved by a relatively simple configuration of providing
a circuit for allocating pixel signals of respective bits for
the 2SDR output mode, a clock conversion circuit, and
a selector for selecting them. Accordingly, making the
image sensing device capable of handling the multiple
output modes as in this embodiment does not complicate
the circuit configuration of the image sensor to a great
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degree, and it can be achieved by a simple configuration.
[0037] Next, an example of a second embodiment of
the invention will be described with reference to Figs. 6
and 7.
The example of this embodiment employs a configuration
in which a 4SDR output mode can be selected other than
the 1DDR output mode, the 1SDR output mode, and the
2SDR output mode.
This embodiment is an embodiment in which the inven-
tion is applied to a solid-state image sensing device in
which a COMS image sensor is used as an image sensor
(solid-state image sensor element). The overall configu-
ration of the image sensor is the same as the configura-
tion of Fig. 1 in the previously described first embodiment,
but the configuration of the output unit 20 is changed to
the configuration shown in Fig. 6.
[0038] Specifically, referring to Fig. 6, input terminals
121-0 to 121-n (n is the integer corresponding to the bit
number) are the terminals to which the pixel signals are
supplied from the signal processing unit 14 (Fig. 1) in the
image sensor 10. In this example as well, the pixel signal
for one pixel is composed of 12 bits, n is 11, and 12 input
terminals 121-0 to 121-11 are provided. A signal of 1 bit
position of the pixel signal for one pixel is supplied se-
quentially to each of the input terminals 121-0 to 121-n.
[0039] The pixel signals obtained at the input terminals
121-0 to 121-n are subjected to a conversion process
and a selection process in data selecting units 130-0 to
130-n. Although only the configuration of the data select-
ing unit 130-0 is shown in Fig. 6, the other data selecting
units 130-1 to 130-n also have the same configuration.
The configuration of the data selecting unit 130-0 is as
follows. The pixel signal obtained at the input terminal
121-0 is supplied to a selector 131, a 2SDR conversion
circuit 132, and a 4SDR conversion circuit 133. The
2SDR conversion circuit 132 is a conversion circuit that
functions as an allocating unit for alternately allocating
the supplied pixel signals sequentially, one bit by one bit,
into two channels of bit data 2SDR DT0 and 2SDR DT1
so that the supplied pixel signals are converted into 2SDR
output format signals.
The 4SDR conversion circuit 133 is a conversion circuit
that functions as an allocating unit for alternately allocat-
ing the supplied pixel signals sequentially, one bit by one
bit, into four channels of bit data 4SDR DT0, 4SDR DT1,
4SDR DT2, and 4SDR DT3 so that the supplied pixel
signals are converted into 4SDR output format signals.
[0040] The two channels of bit data 2SDR DT0 and
2SDR DT1 allocated by the 2SDR conversion circuit 132
are supplied to the selector 131. The four channels of bit
data 4SDR DT0, 4SDR DT1, 4SDR DT2, and 4SDR DT3
allocated by the 4SDR conversion circuit 133 are also
supplied to the selector 131.
The selector 131 has output ports 122a-0, 122b-0, 122c-
0, and 122d-0. Each of the output ports 122a-0, 122b-0,
122c-0, and 122d-0 is an output port that is provided for
the image sensor (solid-state image sensing device) 10.
In Fig. 6, a first series of output ports of the data selecting

units 30-0 to 30-n are denoted as output ports 122a-0,
122a-1, ... and 122a-n, respectively. Likewise, a second
series of output ports of the data selecting units 130-0 to
130-n are denoted as output ports 122b-0, 122b-1, ...
and 122b-n, respectively. Likewise, a third series of out-
put ports of the data selecting units 130-0 to 130-n are
denoted as output ports 122c-0, 122c-1, ... and 122c-n,
respectively. Likewise, a fourth series of output ports of
the data selecting units 130-0 to 130-n are denoted as
output ports 122d-0, 122d-1, ... and 122d-n, respectively.
[0041] When the 1DDR output mode or the 1SDR out-
put mode is selected as the output mode, only the first
series of output ports 122a-0 to 122a-n are used to output
the pixel signals. When the 2SDR output mode is select-
ed as the output mode, both the first series of output ports
122a-0 to 122a-n and the second series of output ports
122b-0 to 122b-n are used to output the pixel signals. In
addition, when the 4SDR output mode is selected as the
output mode, the first series of output ports 122a-0 to
122a-n, the second series of output ports 122b-0 to 122b-
n, the third series of output ports 122c-0 to 122c-n, and
the fourth series of output ports 122d-0 to 122d-n are
used to output the pixel signals. In the selector 131, when
adjustment of the output timing is necessary, a process
for adjusting the output timing of the pixel signals by delay
or the like is performed as needed.
[0042] Selection of these output modes is controlled
by a signal obtained at an output-mode-specifying-signal
input terminal 123. Specifically, an output mode specify-
ing signal obtained at the input terminal 123 is supplied
to the selector 131 of each of the data selecting units
130-0 to 130-n so that the signal of the corresponding
mode can be output. In the case of this example, one
output mode among the four output modes is selected,
so the output mode specifying signal obtained at the input
terminal 23 is constituted by a signal of 2 bits.
[0043] In addition, a pixel clock is output from an output
port 128 in synchronization with the outputs from the re-
spective output ports of the pixel signals.
Accordingly, a clock input terminal 124, to which the pixel
clock is supplied from the pixel clock generating unit (not
shown) in the image sensor 10, is provided, and the pixel
clock is supplied to a frequency divider 126 so that it is
converted into a clock having 1/2 the frequency. The fre-
quency division operation of the frequency divider 126 is
performed based on the result obtained by identifying the
output mode specifying signal obtained at the input ter-
minal 123 using a mode identifying unit 125. Specifically,
the frequency divider 126 is allowed to operate only in
the case that the mode identifying unit 25 determines that
the output mode is an output mode that requires the clock
having 1/2 the frequency. Alternatively, the frequency di-
vider 126 may be allowed to operate at all times.
[0044] Then, a selector 127 makes a selection be-
tween a mode of outputting the clock obtained at the clock
input terminal 124 from the output port 128 as it is and a
mode of outputting the clock whose frequency is divided
into 1/2 or 1/4 by the frequency divider 126 from the output
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port 128. The selection by the selector 127 is performed
based on the output mode specifying signal obtained at
the input terminal 123.
[0045] Next, examples of the output states in the re-
spective output modes are described.
The output states of the 1DDR output mode, the 1SDR
output mode, and the 2SDR output mode are the same
output states as described in the first embodiment with
reference to Figs. 3 to 5, and the description thereof will
be omitted here.
When the 4SDR output mode is selected, the output is
performed in the state shown in Fig. 7.
[0046] The output state of Fig. 7 is described below.
The output by the 4SDR output mode is a mode of an
output format in which the pixel signal of 12 bits per one
pixel is allocated to 48 output ports and output therefrom,
one bit by one bit, at every 4 cycles of the pixel clock.
Although this 4SDR output mode requires four times as
many output ports as those of the 1SDR output mode
and the 1DDR output mode, the transfer rate per one
port becomes 1/4.
[0047] In this case as well, as shown in Fig. 7(d), the
output of one bit of a pixel signal that is constituted by
predetermined bits (n + 1) bits, such as 12 bits, is supplied
in such a manner that data 0, data 1, data 2, data 3, ...,
etc. are supplied sequentially, one bit per one pixel, to
each of the input.terminals 121-0 to 121-n.
In synchronization with this pixel signal, a pixel clock is
supplied to the input terminal 124, as shown in Fig. 7(a).
This pixel clock indicated by Fig. 7(a) is a clock of 1 cycle
per 1 pixel. A clock having 1/2 the frequency is generated
by the frequency divider 126, as shown in Fig. 7(b), and
further, a clock having 1/4 the frequency is generated,
as shown in Fig. 7(c).
[0048] Then, the 4SDR conversion circuit 133 allo-
cates the pixel signal obtained in Fig. 7(d) sequentially,
one bit by one bit, into four series of signals, the first
series of signals shown in Fig. 7(e), the second series of
signals shown in Fig. 7(f), the third series of signals
shown in Fig. 7(g), and the fourth series of signals shown
in Fig. 7(h). When the signal is merely allocated in this
way, the phases of the four series of pixel signals are
shifted. Therefore, the signals are delayed to generate
the first series of pixel data 4SDR DT0, the second series
of pixel data 4SDR DT1, the third series of pixel data
4SDR DT2, and the fourth series of pixel data 4SDR DT3,
in which the timings of the signals match, as shown in
Fig. 7(i) and 7(l).
A selection process is performed in the selectors 131 and
127 so that the respective series of pixel data shown in
Figs. 7(i) through 7(l) are output in synchronization with
the pixel clock shown in Fig. 7(m) (the same as the clock
of Fig. 7(c)).
[0049] This embodiment of the second embodiment
makes it possible to output the signal using the 4SDR
output mode. Therefore, the transfer rate can be further
lowered, and the invention can be applicable even in the
case that the restriction on the transfer rate is more se-

vere.
It should be noted that although not shown in the draw-
ings, it is also possible to further lower the transfer rate
by applying the configuration principle of the second em-
bodiment, for example, by allocating the signal into eight
series of output ports in synchronization with a clock hav-
ing 1/8 the frequency.
[0050] In the configuration shown in Fig. 6, the 2SDR
conversion circuit 132 and the 4SDR conversion circuit
133 are prepared for the data selecting units 130-0 to
130-n, so that the conversion processes for the respec-
tive modes are performed by the respective circuits. How-
ever, as shown in Fig. 8, a 2/4SDR conversion circuit 134
may be prepared for performing the conversion process
for the 2SDR output mode and the conversion process
for the 4SDR output mode by a common circuit, and the
conversion operation in the conversion circuit 134 may
be switched by an output mode specifying signal, for ex-
ample. The rest of the portion in Fig. 8 are the same
configuration as that of Fig. 6.
According to the configuration of Fig. 8, the configuration
of the data conversion circuit can be made simpler cor-
responding to the provision of the common conversion
circuit.
[0051] Although the foregoing embodiments describe
examples in which a CMOS image sensor is used as the
image sensor, it is of course possible to apply the inven-
tion to various other image sensors configured to be other
types of solid-state image sensing devices, such as CCD
type image sensors.

DESCRIPTION OF REFERENCE NUMERALS

[0052] 10...image sensor; 11...sensor unit; 11a...pixel;
12...drive circuit; 13...control unit; 14...analog/digital con-
verter; 15...signal processing unit; 20...output unit;
23...output-mode-specifying-signal input terminal;
24...clock input terminal; 25...mode identifying unit;
26...frequency divider; 27...selector; 28...output port;
30-0, 30-1, 30-n...data selecting unit; 31...selector; 32...
2SDR conversion circuit; 123...output-mode-specifying-
signal input terminal; 124...clock input terminal;
125...mode identifying unit; 126...frequency divider;
127...selector; 128...output port; 130-0, 130-1, 130-
n...data selecting unit; 131...selector; 132...2SDR con-
version circuit; 133...4SDR conversion circuit; 134...
2/4SDR conversion circuit

Claims

1. A solid-state image sensing device comprising:

a clock converting unit for converting a clock
synchronized with a pixel signal, obtained by im-
aging, into a clock having a frequency of at least
1/2 times;
an allocating unit for alternately allocating bit da-
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ta of the pixel signal obtained by imaging into at
least two series of bit data, in synchronization
with the clock converted by the clock converting
unit;
a first selector for selecting an output between
bit data that have been allocated by the allocat-
ing unit and bit data that have not been allocated
by the allocating unit;
a second selector for selecting an output be-
tween a clock having a frequency that has been
converted by the clock converting unit and a
clock having a frequency that has not been con-
verted by the clock converting unit; and
an output mode control unit for specifying the
output modes from the first and second selec-
tors, wherein
pixel signals that are output at the same transfer
rate can be output in synchronization with clocks
having different frequencies.

2. The solid-state image sensing device as set forth in
claim 1, wherein:

an output mode in which the first selector selects
an output of bit data that have not been allocated
and the second selector selects a clock convert-
ed by the clock converting unit and having a fre-
quency of 1/2 times, is prepared as the output
mode specified by the control unit.

3. The solid-state image sensing device as set forth in
claim 2, wherein:

the clock converting unit further converts the
clock into a clock having a frequency of 1/4
times;
the allocating unit further alternately allocates
the signal into four series of bit data;
the first selector makes a selection between one
series of bit data, bit data allocated into two se-
ries, and bit data allocated into four series; and
the second selector makes a selection between
a clock having a frequency that has not been
converted, a clock having a frequency of 1/2
times, and a clock having a frequency of 1/4
times.

4. An image signal outputting circuit comprising:

a clock converting unit for converting a clock
synchronized with a pixel signal, obtained by im-
aging with a solid-state image sensor element,
into a clock having a frequency of at least 1/2
times;
an allocating unit for alternately allocating bit da-
ta of the pixel signal, obtained by imaging with
the solid-state image sensor element, into at
least two series of bit data, in synchronization

with the clock converted by the clock converting
unit;
a first selector for making a selection between
bit data that have been allocated by the allocat-
ing unit and bit data that have not been allocated
by the allocating unit;
a second selector for selecting an output be-
tween a clock having a frequency that has been
converted by the clock converting unit and a
clock having a frequency that has not been con-
verted by the clock converting unit; and
an output mode control unit for specifying the
output modes at the first and second selectors,
wherein
pixel signals that are output at the same transfer
rate can be output in synchronization with clocks
having different frequencies.

5. The image signal output circuit as set forth in claim
4, wherein:

an output mode in which the first selector selects
an output of bit data that have not been allocated
and the second selector selects a clock convert-
ed by the clock converting unit and having a fre-
quency of 1/2 times, is prepared as the output
mode specified by the control unit.

6. The image signal output circuit as set forth in claim
5, wherein:

the clock converting unit further converts the
clock into a clock having a frequency of 1/4
times;
the allocating unit further alternately allocates
the signal into four series of bit data;
the first selector makes a selection between one
series of bit data, bit data allocated into two se-
ries, and bit data allocated into four series; and
the second selector makes a selection between
a clock having a frequency that has not been
converted, a clock having a frequency of 1/2
times, and a clock having a frequency of 1/4
times.
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